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SUPERVISOR OF SHIPBUILDING, CONVERSION AND REPAIR, USN 

PORTSMOUTH, VIRGINIA, DETACHMENT ENVIRONMENTAL CHARLESTON 
1899 NORTH HOBSON AVENUE, BUILDING 30 

NORTH CHARLESTON, SOUTH CAROLINA 29405·2106 

Mr. G. Randall Thompson, Director 
Division of Hazardous and Infectious Waste Management 
Bureau of Solid and Hazardous Waste Management 
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2600 Bull Street 
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Dear Mr. Thompson: 

IN REPLY REFER TO: 

Ser: 1011 

(C 1 0 1197 

The enclosed interim measure completion report for Area of Concern (AOe) 503 
is submitted to fulfill the requirement of Permit Condition IV.D.6 for Permit Number 
SCO 170022560. If the Department of Health and Environmental Control should have 
any questions, please contact Reece Batten of Southern Division Naval Facilities 
Engineering Command (NAVFAC) at (803) 820-5578. 

Sincerely, 

fn/~~~I 
.K'R. 'Dearhart 

Encl: 
(1) AOC 503 Completion Report 

Copy to: 
SCDHEC (Mr. Tapia, Mr. Bergstrand) 
USEPA (Mr. Bassett) 
CSO Naval Base Charleston (LeDR Rose) 
NA VF AC (Mr. Batten) 
EA&H (Ms, Maddux) 
DDESB (Klinghoffer) 
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1. INTRODUCTION 

1.1 INSTALLATION RESTORATION PROGRAM. The purpose of the Department of the 

Navy (DON) Installation Restoration Program (IRP) is to identify, assess, characterize and clean up 

or control contamination from past hazardous waste disposal operations and hazardous material 

spills at Navy and Marine Corps activities. The Defense Environmental Restoration Program 

(DERP) is codified in the Superfund Amendments and Reauthorization Act (SARA) Section 211 (10 

USC 2701). 

1.1.1 Naval Base Charleston IRP. At Charleston Naval Base Complex, a Resource Conservation 

and Recovery Act (RCRA) Facility Assessment (RFA) was prepared which divided the Naval 

Complex into zones and identified Solid Waste Management Unit (SWMUs) and Areas of Concern 

(AOCs) within each zone. The RFA evaluated each SWMU and .AOC a..'1d determined which sites 

required further investigation. Based on the RF A, a RCRA Facility Investigation (RFI) work plan 

has been or is being. prepared for each zone containing SWMUs and AOCs requiring further 

investigation. On completion of the RFI for each Zone, an RFI report will be prepared for that zone. 

The RFI reports will identify SWMUs and AOCs containing hazardous wastes requiring 

remediation. Eventually, Corrective Measures Studies (CMSs) will be prepared to determine the 

best means of remediating each site. 

1.2 INTERIM MEASURES. Interim Measures (1M) performed as part of the IRP is intended to 

eliminate sources of environmental conta.rni.tlation or limit the spread of environmental contaminants 

and eliminate hazards prior to the completion of the RFI CMSs. 

1.3 AREA OF CONCERN 503. AOC 503 consists of 9.85 acres located at the southern boundary 

of Zone H (see Appendix A Figure 2). This site is a wooded area bounded on the south by Shipyard 

Creek and on the north by Buildings 665 and 655. This site is identified as the area expected to 

contain unexploded ordnance (UXO). The ordnance at AOC 503 consists of two Mark 17 depth 
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bombs which were jettisoned from a seaplane on October 8, 1943. This area was a marsh at the 

time the ordnance was dropped and has since been back filled with approximately six to eight feet of 

dredge material since 1943. 

1.4 AREA OF CONCER!~ 503 INTERliyi LVIEASiJRE. During the intervai between the RFI and 

t.he completion of tIle eMS, it was decided by Southern Division Naval Facilities Engineering 

Command (SOUTHDIV) that an 1M would be performed by Supervisor of Shipbuilding, 

Conversion and Repair, Portsmouth Va., Environmental Detachment Charleston 

(SPORTENVDETCHASN). The objective of this 1M was to locate, excavate, and remove 

identified anomalies/ UXOs and any associated contaminated soil. If the UXO's were not found, the 

secondary objective was to perform a due diligent search and verify via a geophysical survey that 

the ordnance was either previously removed or is located at a safe distance below the ground surface 

to allow for unrestricted release of the property. 
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2. INTERIM MEASURE EXECUTION. 

2.1 ACTIONS REQUIRED BY INTERIM MEASURE WORK PLAN. The actions performed 

at AOC 503 were spilt into five phases of work. The following brief description of the phases 

outlines the ,"York performed. 

Phase 1- Identifying a.lld clea.ri.ng affected area. 

Phase 2- Performance of Quality Assurance / Quality Control (QA/QC. 

Phase 3- Performance of Geophysical Survey and Interpretation of Data. 

Phase 4- Excavation of identified anomalies. 

Phase 5- Re-evaluation of data by an independent third party and re-survey of 

problem areas. 

The following sections will give a brief synopsis of the actions taken during each of these phases. 

2.1.1 Identiiying and Ciearing Affected Area. The initial indication of the location of the 

jettisoned lJXO's was fOUild on a Naval Base .Map of the old seaplane runway by an "X" marked on 

the map (see Appendix A Figure 1). Based on this marking and the configuration of the old 

seaplane runway, a search area was calculated by the Naval Explosive Ordnance Tech Division (see 

Appendix A Figure 2). The 9.85 acre area that was identified was cleared of underbrush to allow 

for utilization of the survey equipment. 

2.1.2 Performance of Quality Assurance/ Quality Control. To ensure that the Ultrasonic 

Ranging and Data System (USRAD) positioning system utilizing a G-822 L magnetometer could 

perform an accurate search, SPORTENVDETCHASN buried three clean fifty-five gallon drums at 

different intervals to test the system. Tne drums were utiiized since they would resonate a similar 

magnetic signature as the Mark 17 depth bombs. A test run was performed on January 31, 1997, by 

Naval EOD Technology Division and the data interpreted to reveal the locations and depths of the 

drums. The locations and depths of the test run were then used to mark the surface. All the drums 

were located within one foot horizontally and vertically of the interpreted test data. 
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2.1.3 Performance of Geophysical Survey and Interpretation of Data. Naval EOD 

Technology Division, Indian Head, MD was utilized to perform the geophysics survey at AOC 503. 

The equipment used was the USRAD system with a G-822 L magnetometer attached as the input 

device. The technical specifications for this equipment is provided in Appendix F. Based on 

r..istorical data, it was detennined that portions of the survey area had been subjected to eight feet of 

back fill with ilredged material. The potential depth and magnetic signatuie of the .MK.-17 depth 

bombs were calculated and determined to be eight to fifteen feet below ground surface depending on 

the trajectory of the bombs when dropped. The survey was commenced on January 28, 1997 in 

sixteen marked subsections. The initially survey identified eighteen anomalies. A re-survey of the 

eighteen areas was performed to eliminate surface objects and mark potential subsurface targets. 

Ten anomalies were eliminated due to being surface contacts which left eight potential subsurface 

anomalies. A ninth target was subsequently identified during re-evaluation of the data that was 

"masked" by another anomaly close by. The nine anomalies were marked for excavation (see 

Appendix A Figure 3). 

2.1.4. Excavation of Identified Anomalies. Wright Laboratory (WL), Air Base Technology 

Branch, Tyndall Air Force Base was utilized to perform the excavations using an Automated 

Ordnance Excavator (AOE). The AOE is a Caterpillar 325L excavator with a WL developed 

teloperated remote control system. The technical specifications for the equipment is provided in 

Appendix B. The following sections provide a brief overview of each anomaly and the results of the 

excavation. Following each excavation, the holes were back filled and graded to match the 

surrounding area. 

Anomaly #1 was estimated to be approximately eight feet below ground surface level 

at coordinates 2323634.6000 E and 368785.4700 N. WL excavated a piece of sheet 

metal located seven feet below ground surface that measured 6' X 2.5' X 14" thick. 

Following removal of the anomaly, the excavated hole was resurveyed with a hand 

held magnetometer and determined to be free of further targets by a Naval EOD 

Technology Division surveyor. 
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2.1.4.7 

2.1.4.8 

Anomaly #7 was estimated to be approximately thirty feet below ground surface level 

at coordinates 2324l30.9200 E and 368656.3400 N. Due to difficulty in excavating 

to depths greater than seventeen feet this anomaly was not excavated. This anomaly 

will be eliminated as a potential target due to the interpretation of the post excavation 

EM-61 metal detector survey data as outlined in Section 2.1.5. 

Anomaly #8 was estimated to be approximately thirty feet below ground surface level 

at coordinates 2324090.8700 E and 368656.5200 N. Due to difficulty in excavating 

to depths greater than seventeen feet, this anomaly was not excavated. During the 

post excavation survey with the EM-61 metal detector, a 1.5" diameter pipe 

approximately eight feet long was found and determined to be anomaly #8. This is 

discussed in Section 2.1.5. 

Anomaiy #9 was estimated to be approximately four feet below ground surface level 

at coordin.ates 2324010.8000 E and 368670.9200 N. WL excavated eight cubic yards 

of soil to a depth of four feet without uncovering any metal objects. A survey of the 

excavated hole with a hand held magnetometer indicated the excavated hole to be 

free of any target by a Naval EOD Technology Division surveyor. The item was 

determined to be very small, close to the surface, and excavated during initial soil 

disturbance. 

2.1.5 Re-evaluation of Data by a Independent Third Party and Re-survey of Problem Areas. 

To ensure proper interpretation of the initial data taken by Naval EOD Technology Division, a 

separate company, UXB Intemationai Inc. rUXB), was contracted to evaluate the geophysical 

data and verify that all potential UXO targets were removed. UXB was contracted to perform 

the following: evaluate the existing magnetometer data, provide an independent estimate of mass 

and depth of remaining target anomalies not yet excavated and prepare a brief letter report 

describing their conclusions and recommendations. UXB initially had difficulty in 

distinguishing between potential UXO and other metallic bodies with similar characteristics 
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especially where the objects were located within tight clusters. UXB recommended that another 

geophysical method, such as an EM-61 metal detector survey, be performed that would yield a 

better depth calculation than the magnetic data alone. The Detachment prepared the area for an 

EM-61 survey which consisted of gridding and clearing a seventy foot by one-hundred and 

fifteen foot area. This area included anomalies five through eight. ·lhe Detachment discovered 

a pipe whjle cle::lrl..ng the underbrush \vl-.,ich \-vas sticking out of the ~ ound about two inches. 

This pipe was close to anomaly #8 and was not seen during the initial marking of the anomalies 

due to the underbrush and tight cluster of anomalies. The Detachment removed the pipe with a 

tractor prior to the EM61 survey. The pipe was eight feet long and one and a half inches in 

diameter. This pipe appeared to have been broken off during its removal which left a section 

below the ground. The Detachment performed a limited EM61 survey over this area of concern 

in Grid CHA-E-sl and sent this information to UXB. After UXB reviewed both the 

magnetometer and EM61 data, their conclusion stated that the pipe found would have produced 

the anomaiy seen on the data and that no other significant anomalies were noted (see Appendix 

D). Tl·..is eli.ilinates anomalies #7 and #8 as potential MK 17 depth bomb targets. 
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2.2 PROBLEMS ENCOUNTERED. The following problems were encountered during the 

execution of Interim! Stabilization Measure for AOC 503: 

• Magnetic Interference: A large drain pipe and a fence at the north end of grid CHA _1 caused 

magnetic signatures, as well as, the rocks and concrete which line the west road because many of 

them contained reba!. All of these materials made it difficult to lliialyze the data in those 

particular areas. 

• Density of anomalies: Anomalies five through eight in grid CHA _ E were close together which 

made it difficult to analyze the depths of each target. 

• Difficulty in excavating: This area was a dredge spoil area during the nineteen-forties. 

Therefore, the porosity of the sandy soil made excavating past eight feet difficult. 
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3. INTERIM MEASURE OUTCOME. 

3.1 SITE CONDITIONS FOLLOWING COMPLETION OF WORK. Following the 

completion of all site work and data review on June 18, 1997, the Detachment had investigated all 

potential UXO targets a.'1d proved trllough geophysical surveys that no other potentiai IJXOs exist 

within fifteen feet from the surface at AOC 503. Therefore, the Detacru'1lent has met the intent of 

performing a due diligent search and verifying via a geophysical survey that the ordnance was either 

previously removed or located at a safe distance below the ground surface of the property. 
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4. WASTE GENERATION. 

4.1 NON-HAZARDOUS WASTE. Approximately 80 pounds of metal was recovered at AOC 503 

and the metal was disposed of as scrap metal. 
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APPENDIXB 
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A SYSTEM FOR PERFORML~G SITE REL\tIEDIA TION FO R TEST RANGES CONTAINING 
UNEXPLODED ORDNANCE 

Capt Walter M. Waltz 
Construction Automation Laboratory 

Wright Laboratory, Air Base Technology Branch 
139 Barnes Drive, Suite 2 

Tyndall AFB, Florida 32403-5323 
(904) 283-3725 

ABS1RACT 

The Govmment etfurt to rightsize the Department ofDefc:nse 
(DOD) fcrees and UriliI:leS has some far reaching implications 
including the tun'lOVer of DOD ordnance: test ranges to the 
public. It wtll be DOD's respoDSlbility to ensure that thos¢ 
ranges are free from the hazards of unexploded ordnance 
(UXO). The Nava! Explosive Ordnance Technology Division 
(NA VEODTECHDIV) is the DOD designated research 
facility for Explosive Ordnance Disposal (EOD) and has 
.u::ceptcd the mlSSioo. to assess and develop the technologic3 to 
accompllm the Area Clearance.1Wlge Remediation task. The 
Area Clearanoe mission is ccmpo9Cd of two separate subtasks, 
characterization of the area of interest, and ren-.ediaoon of 
l'lat area ba5ed on the findings of the characterization. 

Figure 1 

Because of the hazardous na~ of the task, one of the 
program goals IS to remove the human operator from the 
immediate ar~. This is accomplished through the use at 
robotic plat::Ornts. Wright Laboratory (\XIL) at Tyndall AJr 
Force Ease 1$ the Office of Secreta..-y of 00t:nse (OSD) 
designated l~ lOr constructIon automation. WL has been 
tasked by NA VEODTECHDIV to develop the robotic 
platfol'IllS that will perform the remedia.tion tAsks. One such 
system. under development 15 the Automated OrdDance 
E.-<c.avator (Figure 1) . 

The goal ofthc remediation task is to n:n.der safe the 'XdnImce 
targcts determined in the task of site characterization. 'There 
will be three options during remediation wtuch depend on the 

Automated Ordnance Excavator and 
M bile Command Station 

Appendix B 
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c¢ndition oftbe ordw1nce and the type offusmg: (1) a shape 
charge wtI1 be placed on the ordnance. (2) the material 
SUltOUDding ~ ordoance will be removed to allow fro: access 
for tbI! EOD techtrician (3) the ordnance will be removed from 
its resting place and placed 011 a pallet for Jara disposal, The 
remediatlon task can be accomplished by the Automated 
Ordnance Ev.c.avator (.i\OE) v..TJ1e u~AiJ"l1i:zi.l18 risks to Eon 
personnel. It starts with a map containlng target ordrumce 
locations and proceeds to each tat get, III tum. [t ... ,11 remove 
the bulk of the material arotmd the ordnance with a 
conventIonal bucket and then expose the ordnance for 
remediatial. ~ the cxdnancc hM been idc:nti.fied, a mdhod 
of disposal can be detemUn.ed to safe aDd remove the UXO. 
The AOE uses 1he same adv.anced di!ferential Global 
Positioning System (GPS) for navigation developed on the 
Autonomous Tow Vei1icle to accomplish its site 
characterization task. 

BASIC SYSTEM 

n. Automated Ordnance Excavator is a C~rpillar 325L 
"l..oDg.R.e.Icll" ~YCor with &11 emn.led nl8Cb option. Tbe 
"long-reacil- option offeta the loagest CODfigutation of the 
tr-""lc3 ,;, .. bleh offw the most stahie bu. for digginE:' The 
longest exteoded reach option make. the "bu.cbt-to. 
!J1AChiTY" distance the WN'imW! possible to otter some 
protection of the base I'WIIChiDe in tbe eva of dvlooarioll 
during ~iatiOD of • UXO. n. Iea&th of reach of th.i$ 
.~vator a 6O.S feet boriwot.alJy alJd 48.S fe4t vertically. 
The AOE Migbs ~ 65.000 lbs mi is coosideteci 
to be a Iarge.-sca16 remediation pladorm. 

The AOE 15 powered by a Caterpillar Wzbocharged and 
aftercO<Hed 3116 dieNl engme with hip.pre.uure. unit 
iDjection fuel system. Automatic engine comrol C01lS$rves 
fuel when lDIDipotiltioD. aDd travel C01Itrols are not activated. 
A mooitor paDe1located in the v.les cab. provides status 
iDfurnWion for the operatot through I. IUgh definition liquid 
crysuU display (Figure 2). 1M travel a.nd IDIIDipWatiOD 
circuits are powend through two variabl~Lacemem 
pump$. 

CFF-~~c-SHET F MODIFICAnONS 

Prior to tbe delivery dale for sbipmlnt of the excavator to 
WL, the AOE was MDt off for adWtlOl1a1 Su:iory 
modifialtirG. This iDc1uded the addition of a ~ eootrol 
system aDd manipllatnr tWmb installation. Both available as 
off-tJa,...shelf opcions. 

Remote Control System 

A Vectran t'~o~1 system provides for full remote 
o~ of tho vehicle via two radio tra.nmurtetS (one:: for-

B-2 
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data tran15fer and one for vlCeo transfer. Provisions are 
available for tethered cable control 'llfithout the v~ 
feedbadr.:. 'The da!a transmitter/l'$Ceiver U.s .. Ii propriety 
Vecttan radio OperatlDg I.t i frequency of 103.75 Mhz and 
less than 2 Watts powet'. Ire'"jdeo transmirter/re.ceiver \.ISM 
a UHF associates FMCD raaio operating at a. frequeocy of 
918.5 Mhz aDd less than 10 W811.S power. RF control can be 
operated retI:lotely up to 2 tUile& Imo-of·aight and tdber 
operanoo up to approximately 2000 feet. 

R~ opetatiODS iIlcludo: left aDd tight track operation for 
proJKllsioo; boom. stic1c, bucket. s~. a:xl thumb 
ID8ZIipllation fot- di~: wi iris, foco..l$, zoom, pan. tilt and 
calIlet'a selection for video feedbad. n. camera ,ystem 

Figure .2 
Operator's Liquid Crystal Display 
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unplememed by Yectran provided for 3 ~ views; 
however, coly one..new can be displayed at any liveQ time. 
'The ~ 'Nwe located one above the veb.ic!. cab for the 
drive:' s plint-of.view prtmpectiV$, ODe im~ the cab to 
lIlOIlitor the LCD display paoel, and ODe EIlOWlted On the 
right side of the exavator looking forward for A right-side 
pcint-of-view ~iv •. 

A Baldenoo. 1h.Jni) bas been installed that gives the AOE an. 
ability to grup objects. To grup an objte(, W thumb is 
fully exteaded and the bucket is manip1Jated UIItil coatac:t 
with the object. Tho bw:bt is then closed atId til. t:buUlb is 
baclc-drivm allowm, tho buckd: to fully rotat& to Mar the 
load of the ob,iG. The object can than be positioned for 
releue. 

\VI. MODIFICATIONS 

After receipt of the AOE, WL i'uttMr modified the vehicle 
wiih llavipbanal aids such as GPS, :map iDtarfi.ce plus other 
IIIlQOr impravemems .. 

Navigation System 

Tho primary D&y_on oompooeol for tha AOE utilizes an 
Ashtech d.i.fferecI:ial CPS. nus CPS ~Yes the AOE the 
ability to positioa itseM withiQ centimeters of II deait'ed 
latitudellongitude. The CPS provides positioo. updates at a 
rate of 1 heru. Orieatation of the AOE is determined by 
utilizing the previous ~ positioc with the 
~ latiNdeIloagitude. This ~ provides sufficieDt 
orieot.ation infor=acion while the excavator is moving; 
however. imdvert.edt graphical t«atioDS 00 oocu: while the 
excavator is ~. 

The ~lItor ~ teeth have beeQ e:uSJrded by OIW foot 
A:lld rcw¥led to lIIIicll the curvaluto of a SS pllOll drum or 
a 2000 lb mwtjrioo smdating the largest UXo that may be 
foUDd (Fi~ ). Tho bucDt', four ~ teeth 111'0 
approy;mttre.l.y ODe fooc apart and gives the excavator the 
abi.Iity to rake throuah tha soil to act a sifting medumism to 
explore each lift of U. soil. 

Stick C&meta 

with tf:Ia extfll1ded rea.ch boomIstick, ~ was mffi~ 
room to Ieb:ato the V.wan rialt ~~ camera and IDCU.Qf it 
an the stick ~ly 10 feEt from the bucket to provide 
the opera.tor an overhead "jew. The panlttlt portion of the 
camera Was removed; however, it still had zoom. focus, and 
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iris control to allow the: operator to zoom in and i.dentify a 
suspected target. 

Figure 3 
SucketTeeth 

MOB~ECO~STATION 

Remote operation of the AOE is conducted from a mobile 
command station. The Mclbile Command Station (MCS) 
provides the operatOr a controlled. at:nospherc wbile operating 
at a sa& distance from the hazards of uncovering a UXO. The 
MCS provides 110 AC power through a 5I<W pcrator 
mounted over the passengen cab that is <:OIldiuoncd through 
a UniI.'e1'Sal Pawt:ir Supply (UPS). The UPS unit provides fur 
continuous conditioned power for the operator control unit. 
navigation computer, GPS umts. and other auxiliary 
equipment and allows shutdown of these devices in the event 
of generator failure. 

Camera System 

A3~fuctw~mgm~~~a~pro~ilie 
operator a ~bU'd-eye· view ofth.c remote operation from the 
MeS (Figure 4). The ca.rnera is m...--unted OIl a piTlI""Lilt UDit 
capable of 340° degrees horizoo.tl.l rotation and 90° vertical 
rotation. The camera. ha.s z.oom.., focus and i.r:.!J control arai is 
manipulated from within the Mes. 

Comnumications to tbc AOE ill a=xnplisbcd through the use 
of several radio transmitters/receivers depending upoI1 the 
type of infonnation being transferred. 

An AACOM VIdeo tranmutter/receiva establishes 
conunurucation between the AOE and MCS for video 
transier. The AACOM is 8 JFl2-rated radio opcratini at a 
frequalcy of 1795.5 Mhz and requires frequency authorization 
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from the local frequency management autboritics. A 
directional antenna mounted on the m~ p4IIItill 
mechanism is easily pointed ar: the AOE utilizing the video 
image feedback from the camera. There i~ only a. manaal 
traclcing capability with this camera system. 

A Freewave tWlSIIritterlrecei~, utilizing a spread spec::tlUm 
method operating with a tuDing racge of 902·928 Mhz. 
provides for the transter of the GPS navigatioD information. 
This ilubnnat10n is relayed to • WL~oped naviption 
map. The nav1aation map provicks the remote operator a 
graphi.cal tq)raentatim that pictorially display$ the AOE's at 
the cummt latttudellongitude position and exc:avator 
COIltiguration. 

Remote COll%rollnterfa.ce 

The Vcctran operator coruro! unit (OCU) is a stand-alone 
remott: inte:face to the AOE (F igure 5). The OCU houses the 
joysticks, switches, and radio to remotely operate the AOE. 
Four joysUcics located along the lower bottom afthe OCU 
CXD:1.Irols the primary roovement of the excavaiQr. The joystick 
layout mlmics tM vehicle con1rols in the cab and there is no 
diiferc:nce (latency) from remote opcraticm IS manual 
operation. Both remote and manaal operatiOll of the vehicle 

; 1 r-: 
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Figure S 
Vectran Operator C ntr I Unit 
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is accomplished through the CAT 325L pilot hydraulic 
system. 

FIE[.!) TESTING 

. As the deslgnaxed OSD lead in consauctiOIl aJ.llOmation, WL 
regularly participates in cicnloDstrations to identify ana 
improve each platfotm 8Ild subsystem under development 
So...""Ul of these d.:ulOUSttaU:icn sites include Jefferson PrOVUlg 
Citoun<i (JPO) Controlled Site, Jefferson Proving Gror.md 
Live·Site, and Fort Jackson Live·Site. 

Ieffersoo Proving Orouod 

At thc:request COIl.gl'e$S. the DOD established the JPG UXO 
Aavanccd Technology Demonstratlon Program. The 
objective of this program was to identitY. delXloIWate and. 
evaluate the perf<>rlll8m:e of ted1nologles used to detect, 
characterize and remediate suhsurl'ace u){O. WL has 
developed several platformslteclmologies that support these 
UXO and Area Clearance programs. This w.Jric is bcing 
accomplished under the spG1lSOfShip of the .'umy 
Ell~ta1 Cc::ntcf at the direction of the 
NA "v"EOD nKHDLV. 

In support of tha Sep 1994 JPG demonstration. WL 
~ ~ AOB .. Ii larg~$ remecliariou system. 
It is envisioned that the task of remediation will require a 
range of equipnmt to cover surface, shallow, n»dium. aDd 
deep buried UXO aDd the AOE covers che high ead. 

Prior to the ~. Ii local tenaiD map ~ 
!RIe6, valleys and ather obstacle was fed into the navigation 
map. Upon arrival at th. JPG courol.led site, • target list 
was given in b;al ~ of northing and eating a.ad 
¢onveMci to a latitudeIloogi. fot • to the Ilavigalion 
Q3ap. Target ioformation al.o contaiJMd the location of 
iropIftDted inert otdDm:e ~ from saWl. shaJlcw buried 
6IADm 1IlOlUt'S to a largo. deep buried 500lb bomb ~ also 
1lIlkDown uoman. detected duricg previous detection 
demonatratioas. 

Based upon terrain coodUiollI (i.e., appr-oach to • target, 
~ from A tar:et) a target was selected that offered the 
,*t approach (preferably line-of-siiht for best 
eomaaaiUltico. with the vehicle) while maittainin, a we 
-.i-off distance siDlulating an uaexploded ~e. End 
RWlts showed the AOS was capable of remotely positioning 
over rile target withiA ~ers. Results 1.150 showed the 
AOE wu not weD suited for ~mg small UXO withQut 
the aid of detection system within the bucket. VlBual 
recognition of UXO falling out of !he buclcet was difficult 
and targets were often miased. Aoother difficulty 
~ was the .bility to reposition the bucket over the 
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target once the soil was disturbed. Methods for n;nctely 
I1DCOVering ordr.ADce I!lId <!et.enniDing if the UXO woWd be 
remDved, WlCOV.red and det<mated in place, Qr ua;ovcred 
and tendered safe are CO( yoc OIItablished for remote c:onttol 
operations . 

Live-Site Program 

At the ccnciUSlon of the first JPO controlled site 
demonstr:1ttion. a Live-Site program was esta.bhshed that took 
the bt:st detection systems and tried thtm on xveral, 
contaminated UXO sites. These sites inc:.\uded Jefferson 
Proving 0r0uud.:W; Yuma Provin,~, AZ; Eglin!Ur 
Force Base. Ft..; Fort Jacbaa, SC; 8IId McCboro.N.r Fore 
Base, WA. The AOS ~ in two of theM sites, JPO 
and Fort Jac:bOD. to validate the locations that ~ 
demonstrators deemed the most probable location at which 
to find a UXO. 

Prior to any remediation or survey, the recotd$ of e&iCh site 
aR reviewed to decetmin. Iha expeeteci type of ordDauco to 
be frum. Often times recoros of theu sit. were vague aDd 
inaccurate because prior to the 1980's, ~rd kwpW,-was 
Dot mandatory for most installatioos. Ini.tially ar ... are 
manually swept to clear tha surface of Any visible or.i~--.re 
befor:e d~rs arc allowed OIl the IlID8e. Inert UXO 
wens also ~ad. to provide the decection systems a mt:.IQI 
of trudling their data and remediation 'y,telIlS to proof their 
navigation ability agaiDst blown 4Dd e~ted UXO typea. 
These UXO 'NU also used to validate tho ability of !he 
AOE's na~ sYStml to ~isoly 10Cli:e oyer tU targe(. 

Oooe a site was prepand. decDocstllluor's were allowed three 
weeks to cover the ma:rimum area pouible. .After the 
surveying phase, demonstrators were: given three weeks to 
identitY and rank order their target list. The final phase of the 
live-site eiIott was the validation phase. !his phase was given 
three weeks to validate as many targets as pOSSlble with a 
minimum of ten largeU per demonstrator. 

Validation consisted of eKcavating a hole a minimum of 9 feet 
wide by 9 feet long above t~ d.esl.gnated latit"..a:le.1oogituiie 
down to the depth that the dcnxnlSl1a.tor estimate it to be. Ifoo 
UXO was found, excavation continued an additiooal 3 feet 
below target depth. After each e>ecawtioa. the dig ~tc and 
spoil pile Was scanned with mcraJ detection devices to 
determine the presence of any metal signature. 

In the event that objects other thm u"XO were located. the 
hole was still excavated to the required ma.~um dimen.sioos. 
If an ordnance was fotmd. the demonsU'lItor we awarocd Ii 
positive hit. If any other object was found that possessed & 
metallic Slgnarure, the demonstralOr was awarded a CalISe 
positive hit. W'hcn a non-metallic obyect cr nothing was 
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foorld, the dea¥:msIrara" received a false negative. Target:! that 
had multiple demonstrator hies. each demonstrator received 
the same scoring as the smgle targets. 

Jefferson PrQving Growld IN, Live-Site 

Two sites J.ocated t'Jn JPG was ~ted for the de~fi 
to SUl'VtJy. Both silC$ were applOximately 1000 f. x 1000 
feet. Each demoostnator ~ !au!d."eds of pos&ibh:~ 
tatgets. Due to tM &atun1ioG or ccmtamiaatiOll near the 
surW.e, ~ hits within 18 inches from the surface were DOt 
coosideted for va1jdarion. This Itillleft hwxbeds of targets 
to select from. Further below the surface selectiou waIl 
acoompti&bfld by 1oclD'Dg at multiple hits at ODe location from 
C'O\OO or tQOfe ~ Fram tha remammg Wt. the top 
ten i.Ildividual target$ ~ by each democsttator was 
selected for validadoo. Targd$ tlW had multiple 
demccwc:rator bUs wete iIMai,gated ~ after the initial 
30 tatgfU. 

IPG validaDan fIffods revealed several UXO. If a UXO wu 
~ EOn teclmiciaWI ideIltified rhe type ofUXO aDd 
dUetUd the method to reader the DI11I1ition s&fe. MOit of the 
Ot~ found at !PO ~ p~e j'Ollr.-'1j that possess an 
$xplolive spoct:iD& clwge. All the UXO discovered wu 
:reb:ated to che fIIItbeat ~~vtIt..d hnla for det~~ ... riOi1 at the 
end of each day. This pmtented further satwation of the 
area with metal frapuents. NODe of the UXO fOUDd 
possessed a high explosive capability. 

Folt 1ackson SC Livo-Sice 

Two ateaa WOIn also sel~ at Fort Jacbaa fot this effort. 
The fJrllt area wu a training atea where the US Army 
~ air dnJp mi batIefield maoeuvers. The fields were 
plowed ammally and pWued with winter ..... heat. Records 
~ tbat this &rea was ~ used 1\$ an impact area but 
had been oleand of all bazards. The socood area Hlected 
WM Jti1l an ~ imp.ct ~. and pos$esMd tbo po&&ibility 
of producWg live, hazanIow UXOs. At both sites. the 
vl!idation ~ followed tho S&ilIe approach as iPG. 
Sev.u targeQ excavated in the JDaDeUV« area revealed 
various buiJdiDg ~-1.s. ba:bed ..... ·i.-e. iWd tel~ ~ 
tea&i<Ju wires. Tbe aoly ~. fOUlld and renwiiated was 
I hish expiocive ISSmns round. 

ISSUES 

With each ~ WL eva.luates the *ff~veoess aOO 
limitlcXMu oftbe reznediarioQ system. We constaDtly explore 
new method. for remediating UXOs by remote 1X1Nm UId 
C$tablish operational guidalme. for eacb system. After each 
demonstratloD, dle team coDducu a review Qf the methods 
and procedures for opt:imiDrioc or focusiog of future 
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technological. improvemems. For ""'mple, a minor 
problem ilQCOUJJtered durin!: the first ~ wu 
receiving the wget mt in DOZt.bing/usting coordillatas versw 
~ COOIdicar.es. 'l1Us lead to the establishment 
of bow the target list 'NOUld be conveyed ~ a",~ 
system aM • remediation system. n. remediadoa ,yscom 
was enhanced to be able to handle a vane()' of iIIputs ~ the 
ability to convert cootdinale systems to an ac~le input. 

Otbe.r probleIns were discovem such u UXOc b.ing misled dutin& removal of the soil. Often smallec UXO was fOUDCi 
in the spoil pile or were pu$lIed WIder the frorx of the 
excavator. Seosot teclmolojy mearcb iI being conducted to 
help expose or locate the UXO before phy.ically touching 
tbe UXO. This research ranees from Uxiw:taDce coil 
technology to ground peoetrating radar tf:clmology. 0thK 
deveIopmeDts i!x}ude tools to e~se the ordlwu:e with little 
physical cxmtacr such u rotaJ:ing brushes and VI.CUll:Q1 air--jet 
systems. 

FUTURE MODIFICATIONS 

As with any mechanical system. reliability U¥i 
maintainability are "nOll' coccerns. Establishing locg 
dismnce, i.iz».of-sight RF co!IlIIlllcications between the AOE 
md MCS has been a sigmficam f'ae:or in determining the 
requirernent5 for the next g~a/modific8lioll upgrade 
for the control of the AOE. The ability to diagnose 
malfunctiOJlS and. isolate fiWed components are of cOIICeI"Q 
as weU. 

The next generation of the AOE will incorporate a mociIlW 
approach m the design of the cootrol 'y~m. WL is 
e:tpl.oring the application of the Coutrol!er Area NetWOrk 
(CAN) bus axcbirectute for the cOllIl"Oi aDd mcnitoriag of the 
vehicle. ~ CAN approacb ia a DtltWork of oodes 
distn"buted arOWld tb$ vehicle providing device powet' a&Xl. 
network liJ:Ja. 1."bo desiCC of lb. DeCWOtk will tollow a 
DoviceN~ specificalico. DeviceN'et maIIl1faduters provid 
off-the-shelf compoaent$ (encodets. resolvers. de.) aDd 
direct COaoectlv1ty to the CAN bus by U5iDg CAN power aDd 
informatioa f~ through the ~rk. Other devices 
not DeviceNet coJXlPalibJ. can be interfaced through 
1Dputl0utpll modules. 

The CAN bus host uses the !.YllX~ RIIl-timt operatiag 
system. Drivers aDd diagnostic routines are being develop 
at WL fer the real-time CODCrol of mobile vebU;la. The 
CAN bus, coupled with the diagDOstic routine, will PfOVide 
a reliable, robwt platfonu for fieki testing. In che eve« of 
a failu:re. the oocle at which the failure occurred am be MIlly 
diagnosed. It is the goal of thil phase of developIDeQt to 
design compooents for modularity and m. ability to quickly 
rernoV$ and repla.ce A failed put. The Devic:eNet 
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specificatioo was selected due to the availability or products 
made ¢omp&tible and designed for this spoc1ficarion. 

OTHER ROBOTIC PLATFORMS 

The AOE is desi.gnaIt:rlas a wlow.cost" platform and avallabk 
off-th~-s.~elf as fa telcoperated eXCanlor. Toe enhancements 
\1lL has marie to the <::<cavator will be distributed to indUSt.-;; 
th.'"'Ough a technology tra."'sTe:r package. All d.eveiopmc:nis at 
'W1. an:: UIlClassificd and avatIabJe as public :n1omla.tion. 

Remote Vehicle Excavation System 

WL is sponsored by DSD to extend the state-of·the-art in 
construction automatioc. To evaluare and deVelop potential 
technologl~ geared toward vehicle autom.w.on and UXO 
remediation. WI.. has developed a State-of-the-art testbed 
excavator ~led the Remote Vehicle EXC:lyatlOn System 
(Figure 6). 

Figure 6 
Remote Excavation Vehicle System 

Thj, system was designc:d. as a state-of-the·art robotic testbed. 
A.cIuata's and ocher devices are designed to be able to provide 
the most accural:e monitoring and precise positionini 
capability. Furure Lechnologies such as different manipulators 
and tools wt11 have sufficient hydraulic power and posinonir.g 
ability ~ablc. Vehicle navigation is accomplished throug.'>i 
on-board computers housed. in 3n environmc:ntally controlled 
enclosure at the rear of the vchrde and 3ll R.J::' Interface With 
the mobile comrnar.d station. The Remote Exca vanon Vehtc le 
System (REVS) is focusing on au.ronomousiser.U·autonomoll.S 
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technologies. Once a system or tool has been proven on tht 
REVS, It 15 men Implemented On the other platfonns. 

PRECISION EXCA VATION 

Two preceision excavation lccnnologics currenrl} untier 
developm.enr on the REVS are an att;.culating clamshell and an 
air-jet vacuum system. 

ARTICULA TrNO CLAMSHELL 

The artlcu1acing clamshell repiacc:s the standard REVS b'Uci;et 
and incorporates a nOD-sparking rotating brush (Figure 7). 
The clam:ilicll allows excavation of a hole to be controlled 
very precisely. As detectlon systems improve, the ability to 
precisely detemune the type, depth, S1ZC and orientation of a 
tJXO, the clamshell will offer the remote operator the ability 
to Wleartil and grasp the object with minu:nal impact. This 
~ is expected to be delivered and msWled for JPO m. 

AIR-JET VACL1UM SYSTE.\i 

Similar 1.n concept WLth the rotatu:g brush gently uncovering 
the UXQ, an aLr·jet vacuwn systtm mounted at the end of the 
excavator stick will remove the sot! surrounding the UXQ 
without phYSIcally jamng it using 0. high velocity 
nozzle/vacu!.lrn 3}"Stem (Figure 8). A. ~¢mpn:ssorJvacuum 
device wiil be towc:d by the host .. ehicle. This system. is 
o.:pected to be -1eilvered at the b~gin.ning o{FY 97. 
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Figure a 
Articulating CSamshelr 

Figure 7 
Air..JeWacuum System 
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Figu ... 9 
Subsurlace Ordnance Characterization System 

SubSUIiace Ordo.allce Characterization System 

'WL pi'O"vides the NA v'EODTECHDIV $UppOl1 for the 
development of 811 autalanOUS detedlon system known as the 
Subsurf...e.."e Ordn;n.;:,. Chii'aet~izatioli System (sacS). 
Leveraging technology ftom the REVS program, sacs is 
capable of autono:alously surveying & plot of land while 
accurattly c~¥ subsurface liXO utilizing a ground 
penetrating radar and four Cesium vapor magnetometers. 
SOCS was designed as a test plalfonn for exploring a new 
sensor technologies. 

All-Terrain Remediation Vehicle System 

The All~Terrain Remediation Vehicle Sytem (ATRVS) 
addresses the midsize UXO threat and a rough terrain 
excavatio sysu:m. A candidate platfonn Imown as the 
• spyde:rN mee1'S these cbarncterisdcs and will be the base 
plalf.ocm. The"spyder" is a 20.0001b vehicle with a 7 degr=· 
of-fr=:iom manipuiator and 3 degree-<>f-fi:oeedom Jeg 
(wheeled). ~ machine is capable of 'W-alking and rolling 
locomotion. The madlint i$ utilized by the Depmment' of 
Transportation for road-side ditch cleaning and maintaining 
runoff canals. 

NO.695 Pl2Il1 
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AUTOMATED ORDNANCE EXCAVATOR 

1. Description: The Automated Ordnance Excavator (AOE) is a Caterpillar 325L excavator with an extended-reach option. The AOE can reach to extension of 60.5 feet and dig to a depth of 48.5 feet in order to retrieve buried ordnance while maintaining the furthest distance possible from the ordnance. 'The AOE h..a.s a. WI ... developed teleoperated remote control system inStalled for RF operations up to d~tances of 2 miles. This system provides all the rontrol functions that would be available to a cab operator. 'The AOE utilizes a global positioning system for locating the excavator within centimeters of a given target latitudellongitude. Other hardware is installed to provide real-time information concerning the configuration of the boom/stick to determine dig depth and motion of the bucket. An additional RF link is established for transfer of GPS and confiiuIation information to a mobile command station (MCS) that displays the excavator's orientation and the implementation of Differential GPS. 

2. Specifications: 

Cat 32SL: 
Shipping Length: 
Shipping Width: 
ShipPin2 Heh!ht: .. - .... 

Navigation System: GPS 
Type: Ashtech 
Model: Z12 
.Accuracy: +/- 2.2 em 

44'3" 
11'1" 
10'4" 

Command and Control Station: 
Computer System: Sun Spare 2 

Operating Weight: 
Operating Reach: 
Operating Depth: 

CameralMast Turret System: Maximum Height: 30' 
Minimum Height: 8' 6" 

Radios: 
Brand: AACOM 
Frequency: 1795.S MHz Video 
Bandwidth: 3.0 MJ-Iz 
Power: 8 Watts 

Brand: Freewave 
Frequency: Spread Spectrum 
No licensing requirements 

63,590 lbs 
60'S" 

For futher information, view our world wide web site @ www.robosun.tyndall.af.mil 
See Conference papers, UXO Forum 96 by Capt Walter Waltz or contact Capt Walter Waltz at 904-283-3725 (DSN 523). 
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Geophvsical Survey Data 
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Contour Maps 
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processing. After the data quality was reviewed and corrected, the data was put into a 
grid fonnat in preparation for analysis. This was accomplished using a minimum 
curvature algorithm. This algorithm can grid x-y position data which is "random" in it's 
positioning, as compared to an ordered grid. 

After the data was put into a proper (for analysis) fonnat, the data was transferred to a 
software program (UXO system) which allowed us to perfonn target analysis, It should 
be noted that any geophysical survey is sensitive to instrument accuracy, the survey 
methods employed, cultural and geological noise and the physical characteristics of the 
model which is being analyzed. 

The UXO system is unable to distinguish between UXO and other metallic bodies with 
similar characteristics. It is unable to isolate individual UXO or other objects when they 
are located within a tight cluster of other objects. The application of another geophysical 
method, such as EM61 would yield a better depth calculation, than just the magnetic data 
alone. 

The data was processed for interpretation, based on our assumption of the weight of the 
target for a 250-lb. (lOO-kg.) bomb was within a specified range (50-150 kg) for the 
target. The depth of the target was within a maximum depth of 5-8 meters (16-26 feet). 

To assure us that the assumptions we were making were credible, we calibrated on the 
anomalies that your office detected and excavated. This assisted us greatly in our 
analysis of the data and validates our assumptions. 

Data Analysis 
The following is the our analysis of some of the known targets, which your office 
excavated and we interpreted for approximate weight: 

Anomaly 

1 
2 
3 
4 
5 
6 

Depth (feet) 

8-given, 6.6-approx. 
5-given,3.3-approx. 
Not detennined* 
Not detennined* 
Not indicated** 
17-given, 15.3-approx. 

Approximate Weight 

6.1 lb. 
4.4 lb. 

16 lb. 

*These anomalies could not adequately analyzed to detennine a location, depth and 
weight. 

** No anomaly seen at this location. 



The reader is reminded that numerous anomalies were noted in our analysis but these 
were filtered from the data analysis to focus on the pertinent anomalies. 

To determine the possibility that ordnance, namely a 250-lb bomb exists in the areas 
of anomalies #7 and #8, we filtered the data based on weight. A weight range of 110-
lb to 330-lb was set. Two (2) anomalies were located in grid CHA_E_S1 that may 
indicate that possible ordnance is present at the following location: 

Approximate Weight 

31.83 0.30 9.8 feet 315-lb 

16.82 9.28 10.8 feet 273-lb 

Both locations are near the suspected anomalies of #5 and # 7 respectively. The #8 
anomaly did not meet the assumptions as previously described and was eliminated in 
our analysis. 

Conclusions 
To illustrate our analysis ofthe data we have included some color figures of your 
magnetometer data. The following figures are included: 

Figure (2) CHA_1 
Figure (3) CRA_1S2 
Figure (4) CHA_ES1 
Figure (5) CRA _E2 

These figures illustrate a few conclusions: 

• Portions of the grid were not surveyed with the magnetometer. 

• Numerous unaccounted anomalies exist, and may be due to surface interference or 
non-target materials. 

• Magnetometer data alone is not sufficient for good depth calculatiol1s. 

• Some correlation between known anomalies and the data analysis exist. 



EM61 Data Review 

After our initial review of the magnetometer data and subsequent conversations with your 
office, a limited EM61 survey was undertaken in the ellA _ E area. That data was 
forwarded to us with the appropriate documentation. UXB analyzed that data utilizing 
software and our own experience in performing similar ordnance surveys. 

A review ofthe data indicates three (3) lines 1055, 1060, and 1060 indicate a substantial 
anomaly. Figure 6 is a plot ofthe differential, top, and bottom channels ofline 1060. 
Line 1060 was chosen since it had the most pronounced anomaly of the aforementioned 
lines. This anomaly is closely associated with the number 8 anomaly indicated in the 
magnetometer survey. 

Inspection of the graphical representation of this anomaly, indicates that the anomaly is at 
or very near the surface, and the anomaly is relatively small, in comparison to the target 
of a 250-lb bomb. The peaks of the top and bottom channel are relatively narrow and the 
differential channel equals the bottom channel at the point of the anomaly. When 
analysis of the anomaly was done using the Geonics and Geosoft software, a maximum 
depth of the anomaly of 2.58 meters (8.46 feet) were obtained. 

Your notes to us indicate that a pipe approximately 8 feet in length and 2 inches in 
dia?}1eter \'1/as located. This target \vould have produced the anomaly indicated b~y the 
magnetometer and the EM61. No other significant anomalies were noted in the EM61 
data provided. 

Conclusions - EM61 and Magnetometer 
UXB believes that the combination of the magnetometer and EM61 data are powerful 
tools, when conducted by qualified personnel over formally established grids. Applying 
appropriate software, followed by data analysis by experienced geophysicists can yield 
high confidence in the detection of ordnance in areas where other metallic objects are 
present. 

If you have any questions, please do not hesitate to contact us. 

Sincerely, 

tJ7 <-<-
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INSTRUCTIONS FOR USE: 

To use the nomogram, select a gillen weight or type of object from among the diagonal labeled lines. Then choose a distance 
along the bottom line (ebscissal of the graph and follow a lIertical line upwards from that distance until it intersects the 
diagonal line of the selected object. At that point, mOlle horizontally to the left to a lIalue on the lIertical axis (ordinate) of the 
graph and read the intensity in gammas. 

At a gillen distance, the intensity is proportional to the weight of the object. Therefore, for an object whose weight is not 
precisely that of the labeled lines. simply multiply the intenSity in gammas by the ratio of the desired weight to the labeled 
weight on the graph. If the distance desired does not appear on the graph, remember that for a typical object the intensity is 
inllersely proportional to the cube of the distance and for a long pipeline the intensity IS inllersely proportional to the square 
of the distance between magnetometer sensor and object. Due to the many uncertainties described herem, the estimates derilled 
from this nomogram may be larger or smaller by a factor of 2 to 5 or perhaps more. 
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l.D Background 

1'b.is do:;;nment dernb:s dle _:....ummaIcQ Ferroas Ordnance ~r (AFOL) operating' p1"OCI:dwe 
for a spec:ifi.c search fDr unexploded on:1.nanc.: (UXO) at the N ~-al. Base Charleaan. ('harlesron Scum 
CaroliDa. 

1.1 Scatch Targets 

'The ~ of this seatc:h are rwo AN Mk 17 depth bombs that WCl'C accidentally dropped Iiom 
an ailpimo daring Wee (1H more than 50 years ago. The impact locanan of the bombs was m8iDd. with 
3D "x," on a map oi the Oase- A poruon of the prospective search area W3$ ~ back-tiDed with. 
cigbt!=t of 3Oil. This addiacnaJ soil d.e::reascs the probability af detection of UJe targetS lignifiCW1y. 
Oec:ause magnetic dipole strc:n."th ~s WIth the cube at tru: diSWl.CC. The area of concern iI abo m 
the vicinity of a commissuy that was built alter the .a.cOdenral rcleasc at the bombs. TypicaUy, tho grDUDd 
aromu1 bulldinp ~DtaiDs small ~ci large pans at metal scrap lett from the COnmualOD. rite. Smail 
fi:::rDus picc:s of IJ:JCt3L ~ de1eI:tion probability, as they can mask: deeply buried targetS. Large 
fcrous pjcccs of metal may show "Up as fuj$(: rargets_ 

Tlu: physical. ~on of the}.1k 17, found 'in the idcnutication guide far U.S. ordnance, is 
ShUMl in Table L 

Table 1. Mk 1 i Depth Bomb Description 

Tow WeIght 325 ib 
ExDlom:e Weighr 2" 1 lb -

Case weillb.t , lU4lb 

Len~ 55.5 in 
Diameter 16 in 

~ose FactOr O. S <'SJ)herical> 

It is Iil::cly that tb.c:se bomb:; have one or two fuzes installed. The pOSSIble fuzes are the 
AN-Mk 219, AN-M 103, .AN-Mk 124, and Mk 134, These fuzes accaun:t fur only a small percentase of 
the total amount of metallic content to the ~ 17 bombs. and will not Slgniiicantly increase the 
probability at d=c:tion. These fuzcs will nor be touched or disturbed in any .Il:WlIler if they are 
cncot.tnr.eled ~ tlJe search. 

PrelimiMry caJ.cWancns were made co derennil1c the potemial depth and magnetic signaDuc at 
the MK 17 bombs. These alcu.latiOIl5 ~ t.ba!: the deoch. bombs did not sink in the tidal marsh in the 
many~ aiter impact. 1b Conventional Weapons Effi:cu Programl was uaed to calC'dltJe the apecred. 
cL.-pth aft.beie bomba. AD. impaa ,'cloclty of.wo feet per second ; (approxi.maieiy 270 mph) wu Jdect.ed. 
and saud was cbosen as tha soil type', The estimated depths for three different impact angles are ibow.n 
bd-"W. The origi.~ depth and the depth ~lth eight feet of additional SiTJ are buLh sIiuwu. The~ 
outpUt is a I2Dge olvaJucs. These '\ialUes have been averaged. For example. at 300 tbc output value ran~ 
was 1.6 to 22 Met, whiclt was averaged. to 1.9 feet. Table ~ shows these depths ami the depths aaoelltl:d 
with the potcnOaL eight feet ofbadc·fiIL 

1 This saftMre progr.am was designed 1Jy D, W. Hyde, USAEWES/SS (20 Dex: 1988). It calculacs 
potential depdllJi dtopp;:d bombs. as well as many other c.harac!enstics. 
:: This value is tbe nunimum sclecrable vaiue Ul the Conventional Weapons.E1fc:cts.software. It was 
c:ho.!IeD. because the bomb re!ease oc..'"l.lJTed on take off. WIth World War. II era aircraft that did not travel 

'.'eXIrcm.elyf.a.st. Also the h.eiglu ofr.he drop was not SlgnifiC3Il! enough to Increase me speed ~y. 
, ~ are an1y four choices for soil type' sand. loamy sand. loam.. and day_ 
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Table:. Estunarcd Target Depths 

Impact A.Ilgic i OngInal Dt:tJth (ft) I On2lllal De=th. Plus BaQc.fiJ1 . J 

30° I 1.9 I 9.9 I 
4jO I 3..+ I 11.~ 1 
9()<' I 5.9 I 13.9 I , 

To approximate the magnetlc signarure ofru depth bombs at-vancw ~ tI'I'O __ It_..: 
wen: used. The 1irn method was the U$e of .figure 46, Nomogram for Estimating .-\.nDmalicsfrcm 1)'pka1 
Objc::ts.. in the "ApplicatiODS Manual far Portable Magneromecersn~. These estimateS are v.l1i&1 O2lly ro 
wiWn an order of magnitude. The nomogram liJ1e fer 100 pounds of iron was used, ~ we are 
COIliidclllg WC3pClD5 gzadc steel, which i.s assumed to be 98% to 99% iron. and the total scee1 CCIIItaU is 
a_D"C'4 to be 104 pc11Ilds. The.seamd method is illusuated in "Magnetometer Tecnmqua in the 
DeIcctioa afl'rojcctiles"J. The mag1W:ic moment of an objca is obtamed (through a ca!culati0ll ar from 
tDdMCd daIa) and the total field at a specttied di$t3lU:C is then calalla!ed. Both metboci! tile similar 
equations Table J summarizes the results of both methods. The following a.55UlI1ptiODS 'Were znad.e to 
compile Table 3; 

1. The C3SU1~ at the Mk 17 depth bombs are intact and the welgllt of:::ach is 104 pounds. 
2. The casings are 99% Iron. 
3. The mmdmwn original penetration depth of the bombs is 6 :feet. 
4. The axis of the ordnance lies in a north-south direction. 

Table 3. :Estimated Magneoc Signarures 

I Est; mated Magnetic 5i (!!3mma) 

Estimated Deoth (.feet) I Nomoeram I Magnetic Moment Method'; 
9.9 I 180 I lS 

11.4 I 105 I 10 
13.9 I 65 I S 

The di1fc:rcnces in the cslimarea magnetic signatures C1i the two methods are caused by the 
di:ffirem auumptiollS used in the ca.lcu.lation of magnenc moments. The. true nugnetic ngmmre sbouLd 
be somcwbcrc bccween the twQ c.stimaICS for the particular depth at each. Mk Ii bomb. Baicd on prcviow 
fid4 c:cpc:iCl1C1:, the true magnetic $1gnarurc is expected. to be vel}' close to the lower ... alucs. Ifth:is iJ the 
C31e, tile 318J13bUe ofthc depth bombs at the 13.9 foot depth (5 gamma) would be very dose to tbe noise 
br (4 gamma), making it dimcult to detect the bomb. Typically, deu:l.:lablc wgets have sig:nSDlres ~ 
or1ive timea the COlSC tloor (i6 to 20 gamma). 

1..., (! •• ___ ~=--

........ w.u v WJ .::JJLIO 

AJ5 prmousl.y mentioned. tile SUJl'"CY Slte l.S Joc:ated ncar J bwlding Slte (COIllIll~). Along 
with the potc:mialfur fc::rrous cluner as&eeiated wi th bUl.!.ding sites. there IU'e other concuns that may make 
pam of the survey ditlic:ult. All origmal concern was ChaI the ares was covered with dense foliage that 
would make large partS of it ina.a:esgble. The undc:i:Jrush has been ;icareQ. :ma.kmg the entire search area 

4 Breiner, S., '"Applications Yianual for Ponable ~tomeIers", 1913, pg 43. 
, Pennella, J. 1., "Magnetometer Tedllliques in the DetcctJon ofProjec'".il.cs", NA VEODTECEDIY 
Tecltnic:a! Report TR.-139, Marclt. 1982. 
ti, The magnetic moments calculated for this method are based an eswnares of induced momem:s only. 
Efi'c:ctt af remnant or pc:rm.ane:nr momcnts have been ignomi. 
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3c:::ssible. A les~ conc::m 15 that the .se.arct ar-...3 lS mostly dirt and a lte3vy r.a.i.n W"Jl r:suiI: in a very 
lIll.l.d.cty :fieJd. Mud W111 ma.kc It more dIfficult for me opcraror to maintain fooang. nus could. result in. a 
slip or falL siow survey spe:.d. or in nO! being able to :nai.ntain ~ncn1 gI"OW1Q scp.uaIlon and 
onenunanofthe :nagn.eoc SCl.SOr (cre.anagtbe potennal for =orrupt data}. There IS aLso a ~cct)-iide:d. 
Oerm I1lIllllllg through one pomon of tbe area that may be difficult te ~ Wlth thI: s=m;1l c:Gu:ipmcDt. 

1.3 S~· EqUlpmem 

The maUl compon:nr.s crfthc AFOL system are the mtrasoruc Ranging and Data S~ 
(USRADS) poiLtiorung system. wtuch mcludes a laptop cempurcr, :md the G-822L magnetOm~. This is 
a prototype system, developed by tile Naval EOn T :=bnology Divlslon for the omce of SpecW 
Technology. II llas the advantage of opcr:mng wi!hout degr:idation of a.o:urac:: in wooded. an35 3I1d arcu 
of dellSe foliage.. where global pmoomng systems (GPS) often fail to opcra!e. 

The USR.A.DS J-XlSJUDning sysu:m conSlru of a base staUOD, a backpack called the "cJampack". 
and up to IS SWlODaI)' receivers. The st3tlonary receivers are set up in the SUl'YeY area. The opcr3tDr 
carries tile magnetO~ and the darapaclc throughouL tl1c swvey area. A second person coordinates tbe 
search from the base stanon. The Dper.uDr can walk spe:;i.iic t:ra.cks or wander on a. random path to 
conduct the SUIVey. Specific search paucrns or rracl:s pIOVlde the optunum survey data. and accu.ra.cy. 
'This posuiomng system has an accuracy of 6 lIlCheS (rms). PoSltiomng informat1On. is obwn.ed. from tizne.. 
of-flight d.aI3. based on ultrasomc pulses. The base staUon IS a laptop computer wjth capability to transmit 
and recelve (~) data. The laptop also concuns sobarc to analyze the survey cJat.\ and display ncar 
rca1-tllDe survey rrackl.ng on its o..."7'een. The operator wears the dat.a~ like a backpaci;. The datapac.k 
receives data from the magnetometer VIa the RS·;!32 port and sends it, alo.ng ~iIh timing data. to tile hsse. 
samon Japc:cp. The d.a.1apad:: emIts :he ultrasonic pulse chat '!be time-of-ilight d.aIa is based on. The 
smIionary ~ers derecr the uitTa50nIC signal and U'aIlSIUl.t ome-of.t1igbt dam to the base station laptop 
comptIter. The PJ'O(Otype system has 15 stationary r~vers. with a capability crf apanding up to 20. A 
nu.nimum of four st3tlonary receivers must be used. Admtional Slarionary IeCelVeI'S increase the ao:macy 
of the positioning system. All smtionary receIVe!'S are m.ounted on tripods. 

The G-822L magn..'"tOIDCtc:' 15 a co.m.m.erc!.al versIon of the miliIAIy MK 21 ccsiwn vapor total 
1ield magnetOmeter. l.o.ere are ~'O ~ between the G-822L and the:MK 22. Although the G· 
g22L bas the same manufacruring ¢..iic:wons as the MK 22. it js nOt subjeaed to the rmlitary-typc 
durabiljty testmg. The ~ond d.i6.'erence l.S the addition. at an RS·232 port to Ute G-822L for dacl uanQr::r. 
'The RS-232 port facilitates transter of magnerometer data U) !be 'C'SRAIJS system, whlcll allows the 
computer to tag the magnetometcI' da.Ia with time and loc::uor position. A second G-822L magn:tamete:r 
can used as a reference staIion ro sub~ the total field gmuna reading from the rovmg magneromeccr. 
This allows the operator to subtract dlUmal and o~ tlucruanons in the badcgmund magneoc field from 
the ~ da1a. Typical nOIse .... -alucs on past surveys have been in the 1 to 5 gamma range. 

A gradiom.c:ter (Vallon 13 02 AI) may be used for rnagnebc anomaly confumation. while a Trunble DGPS 
Imit will be uzed to esr...ablish absolute !ocatL~ at the ~ve POSitiOns d..~.J1'.ed 'by the Us..'V·.DS c!au. 
To dc:tennim the absolute (GPS) locauons. a sun~ benchmark will need U) be esmbl isherl WIthin liIle 
of 51ght at the sur .... ey aICa. TIus snouid be a.c::;omplishcd before !he snrve:r team arrives.. 

2.0 Sewp 

2.1 Bas.: Stallon 

The base muon ~ODSlsts afrbe master controller, a laptop computer, and. a power supply. TIti! 
equipment (wUhout the power supply) 15 sm.a11, so iliat the ~ sUlorion c;m be set up pracucalJy anywhere. 
In tile past. it has been set up in ;he had af a small truck and a1.so on a small table. Both the llWter 
caoO'Oiler and computer run off 110 VAC, so a small ge.n.crator or one 110V outlet is a sufficient power 
supply The gcneraror currcntiy US<:d. Wlth the system IS a 1 kW, S'LSoline operated system. 
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The ~r contrOlli:::' coord.in.ares the arne g3tcs for each stationary receiver and the darars'* It 
seDds l..tIformlwcn to imu.aLLze the system. and ensuI"e3 Uw: each of the componeIltS in the system. re::spcmd 
31 the proper wne. In oni.:: r.o commumc:ne pmp::rly ~'U.h rn= Olber system companaus. the In8itCr 

call10ller IIIlJst be placed where RF QgIWs won't be hJ.ocXcc1 by buildings or otllcr large cOstaclc&. The 
master ::onuoiler hai one power connec:icn. one data :onnealon. and an RF antcnruL 

T1lc lapmp comput:r contalllS the software to run a surv~ and analyze the SU1'V'ey data. It is 
conncrn:d to tIl.c master contrOller -:hroogh an RS 232 ?On.. 

The rc!crcnc: magnetoIDl:te: measures !he background .magnetic signamre of an atea and. SCDds 
chis IIIformatlon, with a umc stamp, to the master controller. The master cantralle: relays chis 
in:tbrmaticn to the laptop cnmputcr, where it is stored on the lw'd dnve. The r=fercnce magnetemetu 
I1ll.ISI be placed in an area that i5 clear r1f any magnetic ctua:r or t3J'gets, and where it will not be 
approached by people. cars. or odler pcteno..al magnetic material carriers. :t also opcran:s on n:c;hargQble 
battenes, with an opel'3tlOlla1 time af approxunatc1y e:ghr hours. 

2.3 Scatianary R.ea:lvers 

The srnnonary rec::::vC!S "listen" for the ultIasonic pulse transmitted by the daIapact. They then 
send timing infcIJDation to the master controller. so wr the time~f-tIig,"lt Infonnatl.on can be calculated, 
resulnDg in a position measurc:ncu afthe datapa.c.l<iOperau:!r. They operate on int.ernal recharple 
batteries. with an oper.monallife of eighr hours. The statlOIWy reccivcrs are placed on tnpods and. moved 
inm the survey site. Two or thm= of the stationary r:cciVl:n5 must be placed a IIlCaSW'Cd distance apart. 
this diswlc= is umally 100 to:r. ~ rel%J'<ocrs are then considered to be the ba.sellnc rccexvers. 
TypicaJJy. su.es are ~ one acre at a time. This com change dcpc::nding on any obstacles or 
IOpOgxapily of th.e survey site. For a one acre sit:. 8 to 12 statioruuy rcc;civers are placed in a pattcr!l to 
obcwJ relatIvely equal coverage ofthc entire site. Befutt: the survey begins. an awosctup program is IUD. 

to ellSUIl: the laprop COmput.eT b.1s a TCa)rci cri where all of the stationary recewers are located, aDd to 
accaunt for wm.d. temperature., and hUlIudlty affectS on the speed af SOUIJd. When lhc survey of a 3Ue ~ 
completed. the sraIionary ret:::lvcrs are moved to the next sire. 

2.4 DatapacklOperator 

The aperatOl' carnes tbe datapacX. magnetometer, and. baaer:' pack. The datapack transmits an 
ultra.sonic pulse receIved by tbe stational')' m:eivers. It also sends an RF pa.dcet to the ma.steI COllU'ollcr. 
conrajning p~ timing imbnruuian and III.e3SUremcnlS made by the magnacmeter. Serup crithe 
dmpacldmagnetOmet:cr subsystem cons.im at.sevu.ti electrical connections. ininaIion of ti:Lc ultIa50nic 
poIse. and iJutWi2::ation of the system to identify which type at SC%lSOr is Ul use (G-822L ~ome=-7 
ra.diarwn ~, Or compass modes are available). The dzttapack is DOl invofved Ul the autoserup afthc 
srationaIY :rec:lYerS. 

2.5 Site prcparation 

The smvey te:tm. will de:!ine the bound:!n:s c.f the :rmre ilte, and thCl prepare a plan on bow to 
obtain complete coverage of tilBr SHe. They must :akc into ac.:aunt the: topography and any man·made or 
natural otm.acles, induding dense foliage thar cannot be penetrated. The maximum site SIze for an 
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poslllDru.ug system wors:ns.. The soiuuon is to run th; uumseuzp prognun apm to let the softwa:rc 
ac;a)UIl1 for the clwl;: lD t.empera.rurc and humidity. High tdlJpe1~ com aLso a:ffi:a: the laptop 
c:omputt:r. Although the MOL symm aas bc:n used soco=ssfuUy Ul 90° tcmperatnre ~ tbcrc is always th= possibility that high ~ can c;wse ma11imcticns with the computer or even QIUe physital. dama.gc ro its eJcarmua. Ala;). e:xc eme1y cc1d tc::npemmrcs will decrease the opcm::iD; life of cb: bau=1es.. ~g the length ofthc: waDe Cay. 

Rain is more crt 2I! ~ sa.f:: i pitiblem man an equipment problem, although it can C3UIe some problems for the equipment !he statiormy m:::::n-etS will:fimction in the ~ as JoDI ali it 1. nota. heavy ram. Light ram C31..!SCS DC imp- of; m:m 'tD a sea:.icJl ope:JaUoo for the equipment, btu heavy I'3in may cause the stariona.ry r~ to till up '\\o1dl water (whicA hal luIppcncd). Unfortunatcly, an openucr's footing will ba::ome more trcadu:rous as the rain alntmucs. This will dccrea&e the accuracy of t:he systmIl. as the opctaIor'Ni1..l CIJ1JCQttI3Ie mo~ on foot placcDcnr than IDagDetomcter control Obviouly. no searches will be cnIUiua:d dl1ring a tJItmdcmonn. 

c1ca.rly. 

Wind does not typIcally cause proillems ~ a sarvey, !nIt ~ situations involving wmd may cause delays. H tl1crc IS no wind at the beginning at a sesrc.It. and th.ClJ it Oecomcs wmdy during the sca.rch. rhe autosetlIP program must be run [0 ac:ount fer reJ.ativc changes in the ~ af. sound. Wind has also been known to blow aver the tripods that ~ .sQtionary ~ ale IllCUDtCd on.. 

3.3 Survey Inlerruptions 

If a survey is imenuptcd for any reason, the daI:a. taken up to that point is safely stOred on me hard drive afthe cmnpurer. UlU!JtcluOIlal imcrruptlons iru:1udc circurost:aJlC:l:S such as, daupack baUery :W1u:rc. gene:mor tailure (or power ouragc a:tfccting 120 VAC outict), and operator mistake or injury. Imcmionat immupnons include operaror breaks or changes in operators. end ai day shut aown tc recbarge batteries. and weather precautiom. 

4.0 Quality Assilr"JDce (QA) 

To achieve at least a. minimum level of QA. approximatciy:five inert targetS will be buried on the site in loc::won.s unknown to r1lc SUZVeyoI'S. All bur one of the targers will he buried ar a depth suelJ that their:tnagoetic signature.s are comparable to dw: afthe expected ~ 11 depth bomb s.i.g!larur:s. ODe r.argec will have a larger magnetic Slgll3ture. 

5.0 Equipmem PackQUt 

The equipment will be padcA::d into lh.c same ~tainc:s they were delivered in. There will be nn eq-dipmr.rr or other mattnals jeft bebmd on the: site that were nor tbcte upon amva1. 

There ate three potencaJ levels ofprocassing available for each sc:an:h. The fin! lcvcl will be completed at tb£ survey site. The odler rwc ~'els will be used on an as ncail:d basis. 

6.1 Software 

. The first level of processing is ~mp1.is.he.d USUl~ the USRADS software. This method ~ the 'operatOr a quick look at po~al targets. Out. is llOr always capable of showing all of the anomalies 
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present. It paera11y docs indicate medium to large tar:=. similar in si2I: to tOe Mk 17 cIepIh bomb 
(medDpn si:ze tarpt). Thia prccNi'iJ em easily be: doae 011 rile. Tbr: USRADS ~w.uo gencnrr;s a color 
map tim sDaws the magnetol'N'!:\" readinp aDd thCr re1mive pos:iI:ians. It can also 1m all of the 
aJIOIDa.Iies aDd there amcimd posiIions. 

'!'he next levd at pmc-rinc 1& done with SIId:r softwaI'c. Ratbcr tbaII. !how just mapcmmer:er 
readi"lJI md their aaoc:iaud positigas. this a.otlwaI= u.s tile ICrigiDg mdbod 10 JJi4 and express tt=Dds 
in the data. 'Ibis processing can aJso be daDe at tile me: l1aweYer. it can be time iDIalsive:for large 
mfJiiWlr at cma. S-um:r 15 C3pIbie f1i gem:tatillJ ccior maps.. "IlIeIc III3pI can sbow mapc:tjc C011ICUr3 or 
3-D mapa showiDg peaks fill each of1be 3DOI:Dali=s 

The fiaal type of. ~g ~ is duDe with PV Waw. a UNIXbac:d iOdwarc prn;;i3D1. 

sm.:e this is UNIX based. it is UIUIlIy accamplisbed ill aD office CDViromDent The ompm 1hlm FV Wave 
is rimiJar to tile !DIp! aftbe Sarter software. but wi!b hilher'resoludon. 

Saupec:trd W'pt poaiCOT'S will be idcDtiflcd 1mm tlJe procalCd magD:tmDCtcr dIra. Twenty 
poRrious tbat an: cb:arac::ri5ac at the Mk 17 will be prioritized for er.xcavaticm. These J.oc:atjOD$ will be re
surveyed in WGS-84 d8mm by a. Trimble DGPS navipQon sysr.em. In the event thaI the DGPS is not 
functional, the target positions v.ill be physically marked. 
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